Sliding mode control (SMC) is a nonlinear control method that alters the dynamics of a nonlinear system by application of a discontinuous control signal that forces the system to slide along a cross-section of the system's normal behavior. The growth and development of research productivity concerning sliding mode control in terms of publication output as reflected in the citation index of Web of Science (WoS) are analyzed for the period of 2001-2016 using HistCiteTM to know global publication share, rank, growth rate, h-index, output of top journals and highfrequency words in this field. With the help of HistCite software, the chronological citation chart is demonstrated to understand the basic situation and summarize the research status in the field of SMC.
Introduction
The sliding mode control approach is recognized as one of the efficient tools to design robust controllers for complex high-order nonlinear dynamic plant operating under uncertainty conditions [1] . Its main arguments in favor are ordered reduction, decoupling design procedure, disturbance rejection, insensitivity to parameter variations, and simple implementation using power converters [2] . It consists of two stages. First, a sliding surface, to which the controlled system trajectories must belong, is designed by some performance criterion. Then, a discontinuous control is designed to force the system state to reach the sliding surface such that a sliding mode occurs on this manifold. Since the publication of the survey paper in the IEEE transactions on automatic control in 1977 [3] , significant interest on variable structure systems (VSS) and SMC has been generated in the control research community worldwide. Thus, forty years later, it is time to implement bibliometric analytical techniques to evaluate the growing body of literature on sliding mode control. Bibliometrics is defined by Norton as the measurement of texts and information [4] . Bibliometrics has given us a tool that can easily be scaled from micro (institute) to macro (world) level [5] . Their indicators provide reliable evidence of scientific activity, and have been used in various research topics such as Business & Society [6] , Technological Innovation [7] , earth sciences [8] , tourism [9] , public health [10] , stem cells [11] and dental sciences [12] . HistCiteTM is a software system, which generates chronological maps of bibliographic collections resulting from a subject, author, institutional or source journal searches of the ISI Web of Science® [13] . The present article aims to map SMC research as reflected in WoS, by examining items such as the volume of work published in the countries, the journals that publish the research output and their ranking (as reflected by their h-index) and the high-frequency words using the HistCite software.
Methodology

Methodology and source data
Two search criteria were used to collect the data; all publications were searched first with the title "sliding mode control," and then with "SMC," but limiting the later to results with the theme "sliding mode control." This was made for the period 2001-2016, using the database of Science Citation Index Expanded, Social Science Citation Index, Arts and Humanities Citation Index and Emerging Sources Citation Index. Then the data on 2223 papers from eight document types such as article (93.7%), proceedings paper (4.0%), editorial material, correction, letter, review, meeting abstract and retracted publication were collected.
The data were exported and processed using HistCiteTM to obtain the output of worldwide contributions in the field of SMC. The publication year, contribution by countries and journals as well as high-frequency words, highly cited papers, and chronological chart have been demonstrated, and the development status of SMC is summarized.
Results and discussion
Below are the results of the main points of the present study: Figure 1 gives the number of records obtained from the database for each publication year. In 2001, 4 papers on SMC research were published. The growth rate of publication in the following 10 years was slow, but since 2012, the output of papers has been growing steadily. Peoples R China tops the list with 779 papers (35%), and paper growth rate from stage 1 to stage 3 is 1597%. Taiwan ranks the second, with 12.8% share for 285 papers but a paper growth of only 12%, followed by USA, Iran, and the UK, whose publication shares are 7.5%, 7.1%, and 4.9% respectively. Iran tops the list for paper growth rate from stage 1 to stage 3 with 2375%, indicating that the field has developed very fast during the past 16 years. Citation-based indicators are regarded as measures of impact or international visibility of research [14] . HistCite calculates the total local citation score (TLCS) and the total global citation score (TGCS) [15] . TGCS is how many times the author's papers have been cited, and TLCS is how many times other papers also in the collection have cited them. By comparing citation score per paper among the top 10 countries, it is observed that Australia tops the list with TLCS and TGCS per paper of 6.28 and 51.3, respectively. This indicates the high influence of this country despite no posting as much as other ones. From the 2223 publications, 2197 (98.8%) were published in English, 17 (0.8%) in Chinese, 5 (0.2%) in Spanish, 3 (0.1) in Polish, and 1 in Turkish. 
Distribution of research output with respect to the year
Journal-wise distribution of research output
The total number of journals in the collection was 391. The 10 most productive journals published 635 papers in the area of sliding mode control, which contributed to 28.6% of the output of the total papers during 2001-2016. Mathematical Problems in Engineering published the higher number of papers (106) in sliding mode control, sharing 4.8% of the total output, but it had the lowest h-index, of only eight. This was followed by IEEE Transactions on Industrial Electronics, which published 4.5% of the output of the total papers and with the highest h-index (40). Table 2 shows the quality of journals in sliding mode control research. 
Citation visualization analysis and main development path
HistCite was used to generate a visualization chronological chart for sliding mode control papers. 2223 papers were input into HistCite, and the top 30 papers with LCS citation were selected to make chronological citation chart ( Figure 2 ). The figure shows 30 nodes and 43 links, minimum LCS is 21, and the maximum is 74. The size of the box represents the cited number of papers, and the arrows point to the papers that are cited. Figure 2 shows the big influence of the articles published in 2001 and 2013 (127, 28, 12, 126 and 124) , with the latter being cited by papers which consequently would by also very influent papers [16] - [24] . 
Conclusions
Among 2223 articles containing author keywords collected from the WoS repository, there were total 3878 keywords listed by authors, in which 2976 (76.7 %) were mentioned only once, 466 (12 %) twice, and 174 (4.5 %) three times. A large number of once-only author keywords suggests a lack of continuity in research and a wide disparity in research foci [25] . Table 6 lists the top 21 frequent author keywords, title words, and keywords plus in SMC. Similar terms like "nonlinear systems" and "nonlinear control" were unified. "Sliding mode control" appeared most frequently, which can be attributed to the searching term "sliding mode control." "Adaptive control" ranked second in author keywords, this shows that this control method applied to SMC has taken much more attention in recent years than robust control, maybe for its advantages over the latter. The main advantage of Adaptive control is the not-requirement of the uncertainties bound; the goal is to ensure a dynamical adaptation of the control gain to be as small as possible whereas sufficient to counteract the uncertainties/perturbations. In third and fourth place, are "nonlinear systems" and "uncertain systems," which is obvious, since SMC is a strategy for control of nonlinear uncertain systems [26] . Based on the databases of WoS, this paper studied the characteristics of SMC literature from 2001 to 2016 using bibliometric techniques. The total of 2223 publications were divided into 8 document types. Of the articles, 98.8% were published in English, while other 4 languages were used only in 26 articles. In this research arena, Peoples R China has been not only the most productive country but also most influential country based on having the highest h-index. In this timeframe, Mathematical Problems in Engineering has been the most productive journal and IEEE Transactions on Industrial Electronics the most influential. The most highly cited article is entitled "Robust integral sliding mode control for uncertain stochastic systems with time-varying delay" authored by Niu YG, Ho DWC, and Lam, and was published in Automatica Journal
